Oriental lacquer, a natural and renewable polymeric coating, comes from the sap produced by lacquer trees. For practical application, oriental lacquer must be refined to reduce excess water and enhance its quality. In this study, drying oils were blended with oriental lacquer during the refining process to prepare an oil-modified refined lacquer (OMRL). The type and adding amount (0, 10, and 20% by wt.) of drying oils for wood coatings utilization were evaluated. Rhus succedanea oriental lacquer is composed of 54.1% urushiols, 34.3% water, 7.2% plant gum, and 4.4% nitrogenous compounds, and drying oils, including tung oil (TO), linseed oil (LO), and dehydrated castor oil (DCO) were used as materials in this study.
unsaturated fatty acids of the drying oil undergo addition polymerization with the side chains of urushiols. This facilitates the curing of the RL, which endows the coating film with flexibility and transparency, lightens the color, provides a glossier appearance and makes color blending easier. In this study, we blended RL with TO, LO, and DCO to achieve further refinement. The effects of the type and quantity of drying oil added to the oil-modified refined lacquer (OMRL) are subsequently discussed.
Materials and methods

Materials
The oriental lacquer, harvested from the cultivar Rhus succedanea, was purchased from the Long-Nan Museum of Natural Lacquer Ware in Taiwan. The sample, milky-yellow in color, was analyzed in our laboratory and the following data were obtained: (1) the lacquer was composed of 54.1±0.3% urushiols, 7.2±0.4% plant gum, 4.4±0.7% nitrogenous compounds, and 34.3±0.1% water according to the CNS 2810 Standard; (2) the viscosity was 1494 cps according to the Brookfield viscometer; and (3) the weight-average molecular weight (Mw) was 1072, and number-average molecular weight (Mn) is 682 by the gel permeation chromatography. Acetone was purchased from Merck Co., Taiwan. The iodine value (IV) of the TO was 151, as prescribed by the CNS 3646 Standard; the IV of LO was 180 and the IV of DCO was 146. All of these materials were commercially available. Cryptomeria japonica boards (with a moisture content of 10.7%), glass sheets, an S-16 wear-resistant steel plate, tin-coated iron sheets, and Teflon sheets were all prepared as specified by the CNS 9007
Standard and were used as experimental substrates.
Preparation of refined lacquer (RL)
The oriental lacquer (400 g) was placed in a glass container and stirred at 60 rpm while heated to 40 °C, with the mixing blades 5 mm from the bottom of the container, until the Fig. 1 . The drying time test method and trace of coatings during drying process.
Determination of the film properties
The experimental substrates were coated with wet films that were 100 μm thick and placed in a constant temperature and humidity chamber at 25°C and 80% RH (relative humidity) for 1 day, followed by drying in an air-conditioned environment at 26°C and 60% RH for three weeks. The tests were carried out after this process was completed. The hardness was measured using the König/Persoz Pendulum Hardness Tester from Braive Co., according to the DIN 53157 König Standard. To conduct the mass retention measurements, the films were placed in extraction thimbles and heated in a Soxhlet extractor with refluxing acetone for four cycles (fill/siphon)/h. After this process was conducted for 6 h, the films were taken out and dried to calculate the mass retention. The glass transition temperature (Tg) of the films was measured using dynamic mechanical analysis (DMA) under the tension mode using a Perkin-Elmer DMA 8000 at 1 Hz with the temperature increasing from 30°C to 170°C at 5 °C/min. The bending resistance was determined using a bending tester (Ueshima Seisakusho Co., Ltd., Japan) with steel bars possessing diameters of 2, 3, 4, 6, 8, and 10 mm, respectively.
The bars' diameters of film rupture were recorded; a smaller diameter indicates a higher bending resistance.
The tensile strength and elongation at break were performed once the films were considered to be specimens according to the ASTM D-638 Standard; they were subsequently pulled into a Shimadzu EZ Test Series Tensile Tester at a speed of 5 mm/min. The impact resistance was measured using the Impact Tester IM-601 by Du Pont Co (U.S.). The impact needle has a diameter of 2.54 cm and the falling weight is 300 g. The adhesion was tested using the cross-cut method outlined in CNS 1076 K6800. The adhesion ability of the film varied between 10, 8, 6, 4, 2, and 0. The abrasion resistance was performed on the Taber Abrasion Tester using a CS-10 abrading wheel with a load of 500 g. The mass losses of the films after 1,000 abrasion cycles were recorded. The gloss was measured using a Dr. Lange 60° Reflectometer in the direction of the wood texture. The lightfastness of the films before and after color fading was measured using a Minolta Spectrophotometer CM-3600d with an 8 mm target mask and a D65 light source. The sensor was aligned at 10° to the surface of the specimen. The color difference (⊿E*) was calculated in the CIE L*a*b* color space. Color fading of the films was performed using a fade meter (SUGA Test Instruments Co., Ltd., Japan) at 32 ± 4°C, using an H400-F mercury lamp as the light source.
Results and discussion
Properties of the oil-modified refined lacquer (OMRL) coatings
During the refining process of the oriental lacquer, the timing for adding the drying oil is very important. In this study, the TO was used as an example. When the water content of the oriental lacquer was at 30, 20, and 10%, the TO with an oil/oriental lacquer weight ratio of 20/100 was added until the water content was reduced to 3.5%; this process yielded the TO-modified RL. The hardened drying time (HD) was evaluated. The results showed that when the water content of the oriental lacquer was at 30, 20, and 10%, the HD of RL was 13.5,
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.0, and 7.0 h, respectively. This indicates that the suitable point for adding the drying oil to the refining process occurs when the water content of the oriental lacquer reaches 10%.
The viscosity and drying time of the RL with different types of drying oil and weight ratios are listed in Table 1 . The RL had a viscosity of 2,927 cps, while the viscosities of all the three drying oils were lower; LO (L100) had the lowest viscosity at only 55 cps. More than 70% of the fatty acid of TO (T100) is eleostearic acid, which contains 3 highly reactive conjugated double bonds for easy oxidative addition in an aerobic environment, which in turn increases the molecular weight of TO and gives it a viscosity of 257 cps. The ricinoleic acid in raw castor oil dehydrates at high temperatures to form two types of linoleic acids: one with conjugated double bonds and the other with non-conjugated double bonds. At 174 cps, the viscosity of DCO (D100) was slightly lower than that of TO. After the blending and refining process of the oriental lacquer with different types of drying oil, T10 and D10 (with oil/oriental lacquer weight ratio of 10/100) both had viscosities higher than RL and the viscosity of T10 was also greater than that of D10, proving that drying oils act as more than diluents for RL. In particular, the conjugated double bonds in the unsaturated fatty acids of TO and DCO could undergo oxidative addition among themselves or with the unsaturated side chains of urushiols as the oriental lacquer is refined with these drying oils. This leads to an overall increase in molecular weight and viscosity of the OMRL. On the other hand, in L10, though the fatty acids of LO contain 40% linolenic acid and a large number of double bonds, all of the double bonds are non-conjugated and do not undergo significant oxidative addition during the refinement process. Thus, the OMRL that was obtained did not have high a viscosity. When the ratio of the drying oils reached 20/100, oxidative addition still had the effects highlighted above. However, once an excess of low-viscosity drying oil is introduced to the process, it begins to dilute the RL and ultimately reduces the OMRL viscosity. The addition of the drying oil, which enhances the workability and utilization of ORML, makes it possible to use ordinary coating brushes instead of those made from human hair for the application of RL. The drying times of the coated specimens at 25°C and 80% RH are also given in Table 1 .
As described in previous research [4, 7, 14] , in the initial drying stages of the traditional oriental lacquer, laccase reacts with oxygen and promotes free radical polymerization to produce phenoxy radicals from urushiols, which are also known as urushiol semiquinone radicals. This drying stage corresponds to DF in the curing test. These radicals are then disproportionate to produce urushiol quinones; this is the TF drying stage. When urushiols are polymerized into urushiol quinones and lose their antioxidant activity, their side chains oxidize and polymerize to a produce densely cross-linked film in the HD drying stage. The DF and HD drying times of RL measured in this study were 3.5 h and 7 h, respectively, consistent with previously reported results. As the oxidative polymerization and complete hardening of drying oils can take weeks or even months, none of the drying oils used herein reached the HD stage within one day. The TO with conjugated double bonds took at least 96 h to achieve this. The oxidative addition and polymerization of drying oils also require atmospheric oxygen; however, because oxygen diffuses into the interior of the wet film, an oxygen concentration gradient is formed between the film surface and the interior, leading to different drying rates throughout the film. When the surface dries too quickly, it toughens and blocks oxygen penetration to the interior, resulting in incomplete drying inside the film.
OMRL containing drying oils is also potentially subject to these effects.
In DCO-modified RLs, the TF and HD time was shortened as more DCO was added and become shorter than that those of the RL. This is because the low viscosity of the oil-modified RL allows oxygen to easily permeate into the coating, promoting the laccase-catalyzed polymerization and reducing the TF time. The abundant conjugated double bonds also participate in the oxidative polymerization of urushiol side chains, thus decreasing the time it takes to reach the HD stage.
The DF and TF times of TO-modified refined lacquers were shorter than RL, but the HD time was the same (7.0 h). This is due to the three highly reactive conjugated double bonds on the eleostearic acid of TO, which increase the viscosity of the coating material during the early drying, hardening the surface of the film and blocking oxygen penetration. Thus, the ability of laccase to catalyze oxidation polymerization is reduced, which is not beneficial to the drying of the RL.
For the LO-modified refined lacquers, the DF and TF times of L10 and L20 are shorter than those of RL, but the HD time varies with the amount of LO added. The HD time of L20 was only 5.5 h, while that of L10 was 8.0 h. This is due to the high content of linolenic acid, which is characterized by non-conjugated double bonds, in the fatty acids of LO and a reactivity that falls between that of TO and DCO. As a result, the HD time of the RL was shortened only when the proportion of drying oil/ oriental lacquer reached 20/100.
Properties of OMRL films
After the RLs blended with the three respective drying oils hardened into films at 25°C
and 80% RH in a constant temperature and humidity chamber, they were placed in an air-conditioned environment at 26°C and 60% RH for 3 weeks. The film properties, including the hardness, mass retention, Tg, and bending resistance, were then determined (as shown in Table 2 ). Tg was measured by aluminum plate method.
The RL film had a hardness of 104 s, while the other OMRL films all exhibited lower hardness. The values for T10 and T20, the TO-modified RLs, were 81 s and 80 s, respectively; D10 and D20, the DCO-modified RLs had hardness values of 83 s and 52 s, respectively; and L10 and L20, the LO-modified refined lacquers, had hardness values of 61 s and 33 s. As is evident from these results, the highly reactive eleostearic acid in the TO-modified RLs readily forms cyclic peroxide with oxygen and decomposes into either oxygen or peroxy radicals, initiating polymerization and the rapid drying of the RL into a film. When TO was blended with the oriental lacquer, the fast-oxidative polymerization inhibited the catalytic polymerization by laccase, but still enabled the formation of a highly cross-linked film or a film with a tough surface [9] . For linolenic acid in LO, which contains non-conjugated double bonds, the oxidative polymerization requires dehydrogenation by methylene, after which it reacts with oxygen to form hydroperoxide and decomposes into either oxygen or peroxy radicals, initiating the cross-linking reaction. Therefore, the drying time of LO-modified RLs is longer [12] . The oxidative polymerization of LO also competes with the catalyzed polymerization by laccase, lowering the crosslink density of the dried film and giving rise to a softer film. The DCO contains both conjugated and non-conjugated double bonds, and thus, the film hardness of the DCO-modified RLs was between that of the TO and LO-modified RLs.
The mass retention for each RL composition is listed in Table 2 . Except for the pure drying oils (T100, L100, and D100) on which isolated film cannot be obtained, the highest mass retention was seen on RL (91.6%), while the other OMRLs all showed lower values. Though the mass retention of pure drying oils cannot be measured, the crosslink density of the films of LO and DCO-modified RLs were found to decrease as the LO or DCO content increased. This The bending resistance test showed that the film formed by the RL was hard brittle and was broken using a 10 mm-diameter steel bar. Films of pure drying oils all demonstrated good bending resistance during a 2-3 mm-diameter, steel shaft test. The addition of TO, LO, and DCO greatly improved the bending resistance of the OMRL films. A higher bending resistance was observed as more drying oils were added, as seen for D10 and D20 which were tested using 6 mm-and 4 mm-diameter steel bars, respectively. This shows the enhanced flexibility in OMRL films as compared to the traditional RL.
The tensile strength and elongation at break for the films are shown in Figure 3 . The T100, L100, and D100 films were so low in strength that intact films could not be isolated.
The tensile strength of RL film was around 27. The impact resistance, adhesion, abrasion resistance, and gloss of OMRL films are listed in Table 3 . Because pure drying oils penetrated into the wooden test boards after application, they could not be tested for impact resistance. The RL film was hard and brittle, but it withstood the impact of a fall from 5 cm. The OMRL films all showed reasonably high impact resistances of about 10-20 cm, with the highest exhibited by T20, L20 and D20. Both RL and pure drying oils (T100, L100, and D100) showed an excellent adhesion of grade 10, but the adhesion of OMRL was low and decreased with an increased drying oil content. Among the various OMRLs, the adhesion of LO and DCO-modified RL dropped most significantly. The oxidative polymerization of drying oils depends on the penetration of atmospheric oxygen into the wet film, but oxygen permeation is impeded with increasing film thickness and coating material viscosity, resulting in an oxygen concentration gradient in the wet film. The oxygen concentration at the film's surface is higher, which leads to oxidative polymerizations rates that vary between varied the surface and bottom of the film. This effect is more substantial when the fatty acids in the drying oils are not very reactive. The abrasion resistances of OMRL films are also shown in [16] , which show the smallest area-under-curve for the D20 film. The 60° gloss of RL film had a value of 26%, while OMRL films all showed greatly improved gloss, particularly L20, which had a gloss value of 82%. The films of TO and DCO-modified RLs showed little difference in this respect, and all had high gloss values such as 52 and 54% for T20 and D20, respectively. Drying oils reduce the viscosity of the RLs, facilitating a smoothening of the film and the release of air bubbles, which makes the film surface smoother after drying. The OMRL films with drying oils have a high gloss and are lustrous in appearance, and are well adapted for special utilization.
The lightfastness values of the OMRL films before and after color fading test are given in 
